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APPENDIX A

CRACK GROWTH PLOTS
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A.1 CTD DATA
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r

MODE I CRACK GROWTH DATA
IM6/3100 -- CTD ENVIRONMENT

I I

C-)C

----,

z

UU

ZD

Sda/da - 4.17SE-09 (A)19.5

I " , '| 1 i 111 " I I 11, 11ii-

1O- 100 101
DELTA G ( IN-LBS/IN**2)

Figure A.1. IM613100 Mode I at CTD Conditions
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MIXED MODE CRACK GROWTH DATA -- CLS-63
IM6/3100 -- CTD ENVIRONMENT

Cm

da/dn - 1.780E-06 (&G)!51

Ii

LUJ

z

zI3

Ifc

0m

10-1 1i o I 01

DELTA G (IN-LBS/IN**2)

FIguie A-2. IM13100 Mixed Mods (CLS43) at CfO Codlllona
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MIXED MODE CRACK GROWTH DATA -- CLS-82
IM6/3100 -- CTD ENVIRONMENT

* daldn - 2.346E-04 (AG) 7 ' 3 7

LU1

z

NN

0

10- 00 10,
r.ý".LTA G (IN-LBS/IN**2

Figure A4. IMI3100 Mixed Mods (CLS412) at CTO Conditions
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MODE II CRACK GROWTH DATA
IM6/3100 -- CTD ENVIRONMENT

0

da/dn - 1.679E-09 (AG)15"0

LLO

ZI
z

co

(0

"" • ~ ~ ~ i- I I i II "" i iii"

-1 00 10
DELTA G (IN -LBS/IN**2)

Figure A4. IM613100 Mode If at CTD Condilons
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MODE I CRACK GROWTH DATA
IM6/F650 -- CTD ENVIRONMENT

• ~Cli

C da/dn - 7.07SE-07 (AG) 1 4 . 3

ZI

10-o-I 100 01
DELTA G (IN-LBS/IN**2)

Figure A-& IMSFSOM Modes I t CTO Condiions
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MIXED MODE CRACK GROWIH DATA -- CLS-63
IM6/F650 -- CTD ENVIRONMENT

LLJ

S)da/dn - 9.07&E-05 (A)15.8

z

z

ZI

U-,

10-1 100
DELTA G (IN-LBS/IN**2)

FIgur A4.IMUF650 Mixed Made (CLS43) at CTO Conditlons
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MIXED MODE CRACK GROWTH DATA -- CLS-82
IM6/F650 -- CTD ENVIRONMENT

da/d- 6.5SSE-04 (&0)12 .4

z

ZI

10-1 100 101
DELTA G ( IN-LBS/IN..2)

Figure A.?. IMGIFGSO Mixed Mod* (CLW.2 at CTD Conditions
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MODE II CRACK GROWTH DATA
IM6/F650 -- CTD ENVIRONMENT

.'.1J

z

C-)

z Ida/d 1.590B-06 (60)
1 32._U I

-I

A-11

DETAGC NLB/N.2

Fii SIW6S o*ls CDCniin

: ,.nd•/d -- !590B 6 (•A-li.



A.2 RTD DATA

A- 13



MODE I CRACK GROWTH DATA
IM6/3100 -- RTD ENVIRONMENT

0

I&

dt/da 2.0149-08 (&)19.0

gLa

C)a
A-A

IDI

0 oI
I' . . "'I "! I U 111i 1 U ' I 1 "" -'l'l|T -

DELTA 6 C IN-LBS/IN..2

FIgu &4,. lMW3O Mod I ii R!D CmnddIlan
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MIXED MODE CRACK GROWTH DATA -- CLS-63
IM6/3100 -- RTD ENVIRONMENT

II

da/dn - 2.403E-05 (AG)8.27

C-)

4z ZI

ZIC

z3

10- 10 101
DELTA G (IN-LBS/IN**2)

Figure A-1O. IM813100 Mixed Mods (CLS43) ot RTD Conditions
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MIXED MODE CRACK GROWTH DATt, -- CLS-82
IM6/3100 -- RTD ENVIRONMENT

CD

II

0p

da/du- 2.535E-04 (40) 9 . 6 9

NI

z

Zc

0010
rin

A- 16



MODE II CRACK GROWTH DATA
IM6/3100 -- RTD ENVIRONMENT

C

C-)

z

I6

da/dn 1.682B-07 (60)9-53

to

S- ". . .; "I U - •I 1 1 It. . I l u' l li

0-1 100 lot

DELTA G ( IN-LBS/IN**2)

Figure A.12. IM013100 Mods II at RTO Conditions
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MODE I CRACK GROWTH DATA
IM6/F650 -- RTD ENVIRONMENT

C)3

Ul) da/dn -8.253E-07 (A&0) 16.4

z

0

•C 

c

-

da/d 
1 11 

1 
-

1.1310 
111 

) 6 "

to

10 -1 

10 0 

10 1

DELTA G (IN-LBS/IN**2)

Figur A.13. IMBIF860 Mods at RTO Conditions
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MIXED MODE CRACK GRWHDT - CLS-63
IM6/F650 -- RID ENVIRONMENT

CC

da/dn 2 .147E-04 (AG) 1 0 .6

z

Zo

ýD !I I I I 1 1 !1 1 1I 1

10-1 loo 10,
DELTA G ( IN-LBS/IN**2)

Figure A-14. IMSIFG5O Mixed Mode (CLS463) at ATO Conditions
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MIXED MODE CRACK GROWTH DATA -- CLS-82

IM6/F650 -- RTD ENVIRONMENT

IA

- C3

da/dn - 2.134E-04 (AG)8"86

UJ

C-) -

z

10-110 1 01
DELTA G -IN-LBS/IN**2)

Figure A-16. IM61F650 Mixed Mode (CLS.82) at RTD Conditions
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MODE I CRACK GROWTH DATA
IM6/F650 -- RTD ENVIRONMENT

0

CD

J C)

z
da/di,- 1.957E-06 (AG) 1 6 .5

ZI

0ItI

SII I I I I 1I | | i I ] I

10-I to1

DELTA G (IN-LBS/IN**2)

Figure A-.i IMSIF6S0 Mode 11 at RTD Conditions
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A.3 ETW DATA
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MODE I CRACK GROWTH DATA
IM6/3100 -- ETW ENVIRONMENT

N

co

LUO

da/dn - 2.919E-03 (AO)3 "3 7

C.-)

z coN

CO m

z

0-1 0 01

DELTA G ( IN-LBS/IN**2)

Figure A.17. IM613100 Mode I at ETW Conditions
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M-IXED MODE'CRACK GROWTH DATA -- CLS-63
IM6/3100 -- ETW ENVIRONMENT

T

z

z da/dn 5.84SE-04 (AG)5 .92

S~<

C3

0

I I I I I I II

0-1 10 01
DELTA G ( IN-LBS/IN.*2)

Figure A.I& IMB13100 Mixed Mode (CLS43) at ETW Conditions
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MIXED MODE CRACK GROWTH DATA -- CLS-82
IM6/3100 -- ETW ENVIRONMENT

0

LUJ

C-j

z

Z6

"da/da - 5.653E-04 (AG)6.88

C3

e--- -l !--! I'! •1I I I'' I fitI

10-1 0 01
DELTA G ( IN-LBS/IN*#2)

Figure A.19. IM831O0 Mixed Mods (CLS482) at ETW Conditions
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MODE '11 CRACK GROWTH DATA
IM6/3100 -- ETW ENVIRONMENT

-- .

C-)3

C-)3

z
ZI

-da/dn - 1.1243-54

"- I I I I l ii I~' - I I I 1 1- 1i

10-1 0o 10
DELTA G ( IN-LBS/IN*#2)

Figure A.20. IM613100 Mode II at ETW Conditions

A-27



MODE I CRACK GROWTH DATA
IM6/F650 -- ETW ENVIRONMENT

(%J

0

Lo /I

A-Z
. . . .. " ! i iI I" " I I i 1 '11 "1

IO-' 100 0Oi
DELTA G ( IN-LBS/IN..2 )

Figur £4I1. IM SJFS Moda at ET Co dtions
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MIXED MODE CRACK GROWTH DATA -- CLS-63
IM6/F650 - ETW ENVIRONMENT

0

daida 2.073E-03 (&0)8.66

z

10 1100 101
DELTA G ( tN-Lt-3S/IN..2)

Fig". A-=2 t"MuIUbwixd Mode (OL&43 aS MW CAMUOMn
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MIXED MODE CRACK GROWTH DATA CLS-82
IM6/F650 ETW ENVIRONMENT

T

I0

CD

da/dn -2.917E.02 (fAQ)10O

z

rn-

ZI

DETAG.JI-LS.IN*2

(; d~~~~A- 30297E0 tu

4Z

.<J

DELTA G ( IN-LBS./IN**2)

S~Figure A.23. IMBIF660 Mixed Mods (CLS.S2) at ETW Conditions

•: A-30



MODE II CRACK GROWTH DATA
IM6/F650 -- ETW ENVIRONMENT
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APPENDIX B

IMPACT DAMAGE/RESIDUAL STRENGTH DATA

The low-velocity impact damage work performed on 11 inch by 7 inch panels

is summarized in this appendix. The data is separated into the three groups:

maximum non-visible damage, thin laminate damage, and visible damage. Each

section includes a summary table listing data for one representative panel

from each of the test conditions. Each table is followed by three types of

data sheets for the RTD panels included in the table. The first type of data

sheet shows plots of acceleration and back-surface strain as functions of

time (during impact). In some cases, two impacts were done on a panel when

the first impact failed to produce sufficient damage. For those panels,

there are two sheets showing plots of acceleration and back-surface strain.

The second type of sheet shows a C-scan of the impact damage. The third type

of sheet shows a load vs. strain plot for five strain gages that monitored

the residual compression behavior of each panel.

C-scans are not included for panels tested under ETW conditions for

residual compression strength. Since these panels were impacted under RTD

conditions, the C-scans would not be significantly different from the C-scans

reported for analogous RTD panels.

The sumary table includes three impact energy levels. Nominal impact

energy is the level that was targeted for the panel. Potential impact energy

is the enargy based on the height and weight of the impactor. Kinetic impact

energy is the energy based on the mass of the impactor and its velocity as

measured by optical sensors just prior to striking the panel surface. The

impact energies are followed by the maximum acceleration (G mx) and the

maximum back-surface bending strain (c max) that occurred during impact.

Maximum load can be determined by multiplying impactor weight by G max. Dent

depth and delamination width (from C-scans) describe the impact damage state.

Finally residual strength and strain are listed.

The third data sheet for each panel shows a load-strain plot for the five

locations shown in Figure B-1. The symbol labeled FUAR on the plot repre-

sents the front-face (impact side) far field strain response. The symbols

B-i



FSID and BSID represent the strain responses, I inch in from the side of the

panel, on the front-face and back-face of the panel respectively. The

symbols FDEL and BDEL represent the strain responses adjacent to the impact

delamination on the front-face and back-face of the panel respectively.

11 .00

~~L 0*
*O2.50 A 

Aripact L

Shte

FFAR #FDL, BOEL

FSID, BSID

0' Strain Gage (Typ) i
Nose: (1) FFAR - Front, Fo.Fekld Stin

(2) FOEL Front, DOwinadon Edge Stain
(3) BOEL * D, eihlon Edge Shin
M) FSD. Front Pena Side Strain

,) 8D. Bauk. Panel Swe Stri

Figure B-1. oeflnllton .f Panel Strain G•ae Locatlons
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B. 1 MAXIMUM NON-VISIBLE IMPACT DAMAGE

B-3



ThMA•,N IpaNt Oiaeti Dent OeiamIanI n Reldual ReSiualMIWW "do" L2"0 Thu"t Imp lo t Impod WIn t O au wwh h * h
,• ~ ~ ~ ~ Nmi tiera $ LlpW M nEWWl EFtgy Faun (/dn.3n. I et Wit'S"Mt b

•, i Numbs' (Ia.) (kb) (44, 6)y| (ft46I( (ft4(. (im.) (In.) (kal) (jcn,/la.)

RTO

1-12-2 0.114 3.83 8 8.52 8.32 315 11,880 0.005 1.1 32.1 6.200
.IM6/3100 1-11-2 10/80/10 0.221 3.83 14 14.91 14.21 706 14.740 0.009 2.1 26.8 5.400

1-13-1 0.451 7.82 17.5/23 18.6/24.4 18.1/- 949 9,630 0.008 3.9 29.2 6.150

1-14-2 0.110 3.83 14 14.91 14.44 421 7,150 0.006 1.5 38.5 3,200
1M6/3100 1-20-2 50/40/10 0.224 7.82 23 24.44 23.58 555 14,530 0.011 3.4 30.8 2.600

1-15-2 0,453 19.47 42 44.62 - 546 11,720 0.012 3.7 36,2 3.450

, 2-12-2 0.106 3.83 6 6.38 6.26 268 8.440 0.007 1.4 21.4 3,800
IM6/F650 2-11-3 10/80/10 0.216 3.83 7 7.44 7.32 633 11,730 0.010 1.8 21.2 4,2502-13-1 0.436 7.82 20 21.24 20.47 707 9,690 0.012 3.6 22.5 4.500

2-14-1 0.111 3,83 14 7,44 - 256 14,620 0.007 1.7 32.0 2,700
IM6/F650 2-20-2 50/40/10 0.219 7.82 10 10.62 10.35 305 4,400 0.012 2.0 28.1 2,500

2-15-2 0.443 19.47 35 37.32 - 756 9,340 0.017 3.0 26.5 2,500
ETW

1-12-4 0.114 3.83 8 8.52 - 335 15,070 0.005 - 22.9 3,900
IM6/3100 1-11-5 10/80/10 0.222 3.83 14 14.91 14.13 874 15,740 0.009 - 21.2 5.000

1-13-4 0.449 7.82 23 24.44 23.43 1,076 10,580 0.006 - 24.8 5,150

1-14-4 0.110 3.83 14 14.91 14.•4 462 18.160 0,005 - 32.6 2,050
IM6/3100 1-20-4 50/40/10 0.225 7.82 23 24.44 23.43 520 14,540 0.008 - 25.4 2,6501-15-4 0.451 7.82 17.5/23 24.44 - 983 9,110 0.010 - 28.5 2,600

2-12-5 0.106 3.83 6 6.38 - 257 10,830 0.007 - 17.5 3.100
IMB/F650 2-11-6 10/80/10 0.216 3.83 7 7.44 7.28 649 9,650 0.011 - 17.5 3,500

2-13-5 0.436 7.82 15 15.97 15.56 790 7,570 0.010" - 17.1 2,550

2-14-5 0.111 3.83 14 7.44 7.32 299 13,160 0.006 - 23.5 1,800
IM6/F650 2-20-4 50/40/10 0.219 7.83 10 10.62 10,31 375 5,910 0.012 - 21.6 1.550

2-15-4 0.441 7.82 35 43.08 35.61 927 9,710 0.016 - 18.9 1,500

GNCOiSHM2- T
Figure B.2. Maximum Non-Visible Impact Damage Data Table
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L.V I D OFSEC I MEN DATr

MATERIAL SYSTEM IM6/3100

"SPECIMEN I.D. 1-12-2 THICKNESS .114 IN

DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 26.7 IN

ACCELERATION VERSUS TIME

MAX i I I

ACCjLqRAT ION

0 1 2 3 4 5

TIME (MILLISECONDS)

MINIMUM ACCELERATION -33.2 9's MAXIMUM ACCELERATION__315.43qg's

* INTEGRATED TOTAL VELOCITY 230.19 IN/SEC

PANEL STRAIN VERSUS TIME

MAX

AA

0 1 2 3 4
TIME (MILLISECONDS)

MAXIMUM STRAIN 11882 UIN/IN

Figure 8-3. Panel 1.12.2 Impact Reaponie Data
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Spoolmon 1-12-2

Figure B4. Panel 1.12.2 C.Soan
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LVXID SPFECIMEN DOATA

MATERIAL SYSTEM IM6/3100

- SPECIMEN I.D. 1-11-2 THICKNESS__221 IN

DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 46.7 IN

ACCELERATION VERSUS TIME

MAX

ACCELERATION

MIN
--1 0 1 2 3 4 5

TIME (MILLISECONDS)

MINIMUM ACCELERATION-126 g's MAXIMUM ACCELERATION 706.0 •'

INTEGRATED TOTAL VELOCITY 271.88 IN/SEC

PANEL STRAIN VERSUS TIME

MAX

0 1 2 3 4 5

TIME (MILLISECONDS)
MAXIMUM STRAIN 14740 UIN/IN

Figure S.6. Panel 1.11.2 Impact Response Data

.. -'B-8



Specimen 1-11-2

Figure B-7. Panel 1-11-2 C-Scan
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LV ID FPEC I MMN OA-rT

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D. 1-13-1.1 THICKNESS .451 IN

DROP CARRIAGE WT. 7.82 LBS DROP HEIGHT 28.5 IN

ACCELERATION VERSUS TIME

MAX

ACCELERATION

MIN _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

0 1 2 3 4
TIM!r (MILLISECONDS)

MINIMUM ACCELERATION -363 IS MAXIMUM ACCELERATION 949,22

INTEGRATED TOTAL VELOCITY 188.26 IN/SEC

PANEL STRAIN VERSUS TIME

MAX

0/
0 . 2 3 4 5

TIME (MILLISECONDS)

MAXIMUM STRAIN 9632.8 UIN/IN

Figure 8,9. Panel 1.13,1 FIrst Impaot Rlspont. Data
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LV I D SEIMC I MN DATA

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D. 1-13-1.2 THICKNESS .451 IN

DROP CARRIAGE WT. 7.82 LBS DROP HEIGHT 37.5 IN

"ACCELERATION VERSUS TIME

MAX

ACCjLqR¶ATI ON

0 1 2 3 4

TIME (MILLISECONDS)
MINIMUM ACCELERATION -60.5 g- MAXIMUM ACCELERATION 837.89 ;"

INTEGRATED TOTAL VELOCITY 260.22 INfSEC

PANEL STRAIN VERSUS TIME

MAX

0 12 3 4 5

T IME (I LL ISECONDS)
MAXIMUM STRAIN 12294 UIN/lN

Figure B-10. Panel 1.13.1 Second Impact Response Data
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Il

Spto imen 1-13-1

Figure 5.11. Panel 1-13-1 C.Scan
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•~L.V ID SPE:CI!MEN DATA

MATERIAL SYSTEM IM6/3100

SPECIMEN I,.D 1-14-2 THICKNESS .110 IN

* DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 46.7 IN

ACCELERATION VERSUS TIME

MAX

ACCELERATION
(g"s)

MIN

0 1 2 3 4
TIME (MILLISECONDS)

MINIMUM ACCELERATION -6 9 m MAXIMUM ACCELERATION 421 gem

INTEGRATED TOTAL VELOCITY 291.3 IN/SEC

PANEL STRAIN VERSUS TIME

MAX

0 1 2 3 4 5
a TIME (MILLISECONDS)S7148

MAXIMUM STRAIN UIN/IN

Figure 0.13. Panel 1-14.2 Impact Response Oats
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Specimene 1-14-2

Figure 8.14. Panel 1.14.2 C-Scan
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LA'ID aF=fCIxM1T

MATERIAL SYSTEM IM&/3100

SPECIMEN I.D. 1-20-2 THICKNESS .224 IN

-DROP CARRIAGE WT. 7.82 LBS DROP HEIBHT 37.5 IN

ACCELERATION VERSUS TIME

MAX.

ACCELERATION

MIN

O 1 2 3 4
TIME (MILLISECONDS)

MINIMUM ACCELERATION -353 g's MAXIMUM ACCELERATION 554.7 gs

INTEGRATED TOTAL VELOCITY 248.57 IN/SEC

PANEL STRAIN VERSUS TIME

MAX I *

0

0 1 2 3 4 5
TIME (MILLISECONDS)

MAXIMUM STRAIN 14534 UIN/IN

Figure 8-16. Panel 1.20.2 Impact Response Data
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Specimen 1-20-2

Figure B-11. Panel 1.2O-2 C-Scan
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L-V I 1.......ET I .__ D

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D. 1-15-2 THICKNESS .453 IN

DROP CARRIAGE WT. 19.47 LBS DROP HEIGHT 2 7 . 5  IN

ACCELERATION VERSUS TIME

MAX 1

ACCELqRATION

MIN ,_ __ ___ _,

0 1 2 3 4
TIME (MILLISECONDS)

MINIMUM ACCELERATION -33-2 g'm MAXIMUM ACCELERATION 546 g's

INTEGRATED TOTAL VELOCITY 166.56 IN/SEC

PANEL SfrRAIN VERSUS TIME

MAX

0
O 1 2 3 4

TIME (MILL.ISECONDS)

MAXIMUM STRAIN 11732 UIN/IN

Figure 8-19. Panel 1.15-2 Impact Respons Data
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-VLVTXD MFIEC]XMMN DAT-

MATERIAL SYSTEM IM6/F650

SPECIMEN ID. 2-12-2 THICKNESS 106 IN

DROP CARRIAGE WT. B8 DROP HEISHT_2Q.0 IN

ACCELERATION VERSUS TIME

MAX *

ACCELERATION(g"s

MIN ._,_._,__ _ _ _ .... _,_ __._,

0 1 2 3 4 5

TIME (MILLISECONDS)

MINIMUM ACCELERATION -136.4 MAXIMUM ACCELERATION 267.8

INTEGRATED TOTAL VELOCITY-2 IN/SEC

PANEL STRAIN VERSUS TIME

MAX

0 1 2 3 4 5
TIME (MILLIGECON113)

MAXIMUM STRAIN 8 44_8UIN/IN

Figure B.22. Panel 2-12.2 IMpact Response Dats
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Spocimen 2-12-2

Figuiv 8.23. Panel 2.12-2 C-Scsn



LLI-

CN

Iui

a
' 0

(QD
I • •.

- - - - - --.

- - ,

J1 N
0

in V. t . 0

)(spuosnoq.) 0

S[~NI/NIn] NIV ~iLS

B-26



LV'ID BPE:CIMEN DATA

MATERIAL SYSTEM IM6/lF650

SPECIMEN I.D. 2-11-3 THICKNESS .216 IN

DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 23.3 IN

ACCELERATION VERSUS rIME

MAX

ACCELqRAT ION

0 1 2 3 4 5

TIME (MILLISECONDS)

MINIMUM ACCELERATION -24§ g MAXIMUM ACCELERATION 632.81Q59

INTEGRATED TOTAL VELOCITY 165.79 IN/SEC

PANEL STRAIN VERSUS TIME

MAX

TRI

(BIN/I )

0 1 2 3 4 5

TIME (MILLISECONDS)

MAXIMUM STRAIN 11732 UIN/IN

Figure 6.25. Panel 2.11-3 Impact Response Data
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Specimen 2-11-3

Figure "&2 Panel 2.11-3 C-Scan
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L.P IXD FOPCI X ME'N DA-Trm

MATERIAL SYSTEM IM6/F&5O

SPECIMEN I.D. 2-13-1 THICKNESS .436 IN

DROP CARRIAGE WT. 7.82__LBS DROP HEIGHT 32.6 IN

ACCELERATION VERSUS TIME

MA~X

ACCELqRRT lON

O 1 2 34 5
TIME (MILLISECONDS)

MINIMUM ACCELERATION -775 gl MAXIMUM ACCELERATION 707 gs

INTEGRATED TOTAL VELOCITY 208,11 IN/SEC

PANEL STRAIN VER8UQ TIME

MAX

0ý

0 1 2 3 4 5
TIME (MILLISECONDS)

MAXIMUM STRAIN 9689 UIN/IN

Flgwe 8.28 Pnel 2-13.1 Impact RIepons Data
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A

PigUm* 5-29. Psn)l 2-13-1 C-cwi

B-31



CL

E4E

06

I a. .' i

- N

z

0~ 0 t
1-I-

I I I I I I I I I uL

(spuosnot'.1) 0

(NI/Nl)] NIVW.LS

B-32



I--%,D 1- ]') CI=' MZrlN DP.)TP.

MATERIAL SYSTEM IM&/F&5)

SPECIMEN I.D. 7-1A-. . THICKNESS_1J11IN

DROP CARRIAGE WT, -._I LBS DROP HEIGHT_23,. IN

ACCELERATION VERSUS TIME
I X I'I '

MAX

* CLqRýT ION

MIN
0 1 2 3 4 5

TIME (MILLISECONDS)

MINIMUM ACCELRTION -; j a MAXIMUHM ACCELERATIONN2_ j

INTEGRATED TOTAL VEL•CITYjg-j_.% JN/ISEC

PAWEL STRAIN VERSUS TIME

MAX

0 1 2 3 4
TIME (MILLISECONDS)

MAXIMUM STRAIN 1Ai UN/WIN

Figure B-31. Panel 2.1441 WI Respo• . •ata
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II

Specimen 2-14-1

Figure 8-2. Panel 2-14-1 C.Scan
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LV IXD BPEC IEN DAT.A

MATERIAL SYSTEM IM6/F650

SPECIMEN ID. 2-20-2 THICKNES .219 IN

DROP CARRIAGE WT. 7.82 LBS DROP HEIHTI6,3 -IN

ACCELERATION VERSUS TIME

MAX

ACCJLERAT ION

MIN __

0 1 2 3 4 5
TIME (MILLISECONDS)

MINIMUM ACCELERATION -230 gm MAXIMUM ACCELERATION 304.1 gm

INTEGRATED TOTAL VELOCITY 150 IN/SEC

PANEL STRAIN VERSUS TIME

MA X

0 1 2 3 4 5

TIME (MILLISECONDS)
MAXIMUM STRAIN 44 0 4 .3 UIN/IN

Fl~ui 6-34. Ponl 2.20-2 Impat Raspona Data
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Spci mna 2-20-2

Figum "-35. Panel 2-20.2 C-Sca
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LV ID n PEC IX MIEN DIATbI

MATERIAL SYSTEM IM6/F650

SPECIMEN I.D.. 2-15-2 THICKNESS .443, IN

DROP CARRIAGE WT. 19.47 L DROP HEIGHT 23 IN

ACCELERATION VERSUS TIME

MAX

ACCJLýRAT ION

MlIN

0 1 2 3 4
TIME (MILLIBECONDS)

MINIMUM ACCELERATION '659- IAXIM, ACCiE t 75-6 I 4

INTEGRATED TOTAL VELOCITY 202.49 iNII/EC

PAWL STRAIN 'VERSUS TIM'

MAX

STRAfI)WUIN/IN

0 1 2 3 4 5
TIME (MILLISECONDS)

MAXIMUM STRAIN 9343 UIN/IN

Figure 5.37. Panel 2-15." Impact Response Date
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Specimen 2-15-2

Flow* 848. Psa0 2.15-2 C.Scan
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L-V D X 0 OFMCI IMEN D TA-r

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D. 1-12"4 THICKNESS .114 IN

DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 26.7 IN

ACCELERATION VERSUS TIME

MAX

ACCELqRATION
(g S)

MIN

0 1 2 3 4

TIME (MILLISECONDS)
MINIMUM ACCELERATION -35.3 g-s MAXIMUM ACCELERATION 3 3 4 . 9 6g'I

INTEGRATED TOTAL VELOCITY 241.46 IN/SEC

PANEL STRAIN VERSUS TIME

MAX F '

(Ui~I)

0 2 3 4
TIME (MILLISECONDS)

MAXIMUM STRAIN 15068 UIN/IN

Figur 840. Panel 1.12-4 Impact Response Data
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L..V X D MP MC X MWN DAT'r

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D. 1-11-5 THICKNESS .222 IN

DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 46.7 IN

ACCELERATION VERSUS TIME

MA I I I IMAX

MIN

ACC¶L I T ION

0 1 2 3 4
TIME (MILLISECONDS)

MINIMUM ACCELERATION -251 , u MAXIMUM ACCELERATION 874 gm

INTEGRATED TOTAL VELOCITY 260.65 IN/SEC

PANEL STRAIN VERSUS TIME

MAX " I .

0

0 1 2 3 4 5
TIME (MILLISECONDS)

MAXIMUM 8TRAIN 15742 UIN/IN

Figure 5.42. Panel 1.11.5 Impact Response Data

B-44



in

x

-J CL

00

co•

(spuo#snot.l) cl

ENI/NIn] NIVýI.IS

B-45



L-V XID WS&MCIXMgN OA-rA

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D. 1-13-4 THICKNESS .449 IN

DROP CARRIAGE WT. 7.82 LBS DROP HEIGHT 37.5 IN

ACCELERATION VERSUS TIME

MAX

ACCjLqRATION

M IN . ..... _,_ , _,,_, _.. .. _,

0 1 2 3 4 5
TIME (MILLISECONDS)

MINI•UM ACCELERATION.56 gs MAXIMUM ACCELERATION 1076. 1

INTEGRATED TOTAL VELOCITYj2 jIN/SEC

PANEL STRAIN VERSUS TIME

MAX . .

0 1 2 3 4 5

TIME (MILLISECONDS)
MAXIMUM STRAIN 1_058• UIN/IN

Figure 0.44. Panel 1.134 Impact Response Data
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L.JID) 3PE:CI'rMEN DATfa

MATERIAL SYSTEM I1b/3100

SPECIMEN I.D. 1-14-4 THICKNESS .110 IN

DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 46.7 IN

ACCELERATION VERSUS TIME

MAX '

ACCEL.RATION

MIN
O 1 2 3 4

TIME (MILLISECONDS)
MINIMUM ACCELERATION -21 g's MAXIMUM ACCELERATION 4 6 2  g I

INTEGRATED TpTAL VELOCITY 276.79 IN/SEC

PANEL STRAIN VERBUS TIME

flAX

0 1 2 3 4 a
TIME (MILLISECONDS)

MAXIMUM STRAIN 18160 UIN/IN

Figure B-46. Panel 1.14.4 Impact Response Data
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SLVID PCI X MEN DATA

"MATERIAL SYSTEM 1M6/3100

SPECIMEN I.D. 1-20-4 THICKNESS .225 IN

DROP CARRIAGE WT. 7.82 LBS DROP HEIGHT 37.5 IN

ACCELERATION VERSUS TIME

MAX

* ~ACC¶LqRATIc3N

MIN

0 1 2 3 4

TIME (MILLISECONDS)

MINIMUM ACCELERATION -191 l MAXIMUM ACCELERATION 520

INTEGRATED TOTAL VELOCITY 252.85 IN/IWC

PANEL STRAIN VERSUS TIME

MAX

0

0 1 2 3 4

TIME (MILLISECONDS)

MAXIMUM STRAIN 14543 UIN/!N

Figure 8-48. Panel 1-204 Impact Respona Date
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LV ID s focI MEN DmTA

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D. 1-15-4.1 THICKNESS .451 IN

DROP CARRIAGE WT. 7.82 LBS DROP HESISHT 37.5 IN

ACCELERATION VERSUS TIME

MAX

* ArCM¶LPRTION

MIN

0 1 2 3 4 5
TIME (1ILLISECOND9)

MINIMUM ACCELEATION -375 -04 MAXIMUIM ACCELERTION 962.9 g

,, MAX w ................

INTEGRATED TOTAL VETLOCITY 230.37 IN#*SEC

PANEL STRAIN VEPSUS TIMlE

"IMAM

9 s~)

o 1 2 3 4
TIME (MILLISECONDS)

SNMAXIMUM STRAIN 9108 UIN/IN

Figuro 540 Pans 1-16.4 FIsS kmAct Reaponse Cab
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L-VI X 3FD'EEIXMEN OA-TA

M4TERIAL SYSTEM I M6/3 100

SPECIMEN I.D. 1-15-4.2 THICKNESS .451 IN

DROP CARRIAGE WT. 7.82 LBS DROP HEIGHT 37.5 I N

ACCELERATION VERSUS TIME

MAX

A=CLq~RAT ION

MlIN,
0 2 4 5-

TIME (fLIF.6C0NDS)
t1III~HACCELERATION -37 ge MAXIMIUM ACCELERATION 583-9

INTEGRATED TOTAL VELOCITY 232.58 IN/SEC

PANEL STRAIN VERSUS TIMl

MAX

(~ii0

0 1 2 3 4
TIME (MILLISECONDS)

MAXIUMLN STRAIN 95) lINl/IN

Figure bS-1. PiumW 1.16.4 Second Impact eAspon at (et
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"LV'ID 2PECXMEN DATA

MATERIAL SYSTEM IM6/F650

SPECIMEN I.D.- 1 -1 . THICKNESS _ n, I N

DROP CARR I A(3E WT. -j3 .BS DROP HE I G-T I N

ACCELERATION VERSUS TIME

MAX

ACC;ELF4RATII N

MINA

0 3 4 5
TIME (MILLISECONMES)

MINIMUM ACCELERATION -AA '£ MAXIMUM ACCELERATION S

INTEGRATED TOTAL VELOCITY_•.,.--,. IN/SEC

PANEL STRAIN VERSUS TUIE

MAX

OL

0 1 2 .3 4
TIME (MILLISECONDS)

MAXIMUM STRAIN J jUIN/IN

Figure 06,3. Ponel 2-12-5 Impact Response Cota
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L1-V XD WPECD IMX N MDPTP.r

MATERIAL SYSTEM IM6/F650

SPECIMEN I.D. 2-11-6 THICKNESS .216 IN

DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 23.3 IN

ACCELERATION VERSUS TIME

MAX

ACC¶L•RRT ION

MIN

O 1 2 3 4 5

TIME (MILLISECONDS)
MINIMUM ACCELERATION -321 qs MAXIMUM ACCELERATION 649.41 g'

INTEGRATED TOTAL VELOCITY 169.14 IN/SEC

PANEL STRAIN VERSS TIME

MAX

0 1 2 3 4 5
TIME (MILLISECONDS)

MAXIMUM STRAIN 9651.6 UIN/IN

Figure S.-5S. Powl 2.114 Impact Rosponse Data
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L.v I D O:EC x MeN DAT-r

MATERIAL SYSTEM IM6/F650

SPECIMEN I.D. 7-11-5 THICKNESS .436 IN

DROP CARRIAGE WT. "a LBS DROP HEIH T 24 . 5 IN

ACCELERATION VERSUS TIME

MAX I

ACC¶Li;R¶T ION

MIN
0 1 2 3 4 5

TIMlE (MILLISECONDS)
MINIMUM ACCELERATt ON-' 4 MAX IMUM ACCELERAT ION) 7 's

INTEGRATED TOTAL VELOCI TY-i4 IN/SEC

PANEL STRAIN VERSUS TIMIE

0--

0 1 2 3 4
TIME (MILLISECONDS)

MAX IMUM STRAIN 72 UIN/IN

Figure 8.4. Panel 2.13-S Impact Responso Data
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L-V x D SI='oC I,1m N DpbTm

MATERIAL SYSTEM II6/F650

SPECIMEN ID. _1_- __A- _ THICKNESS IN

DROP. CARRIAGE WT",.. LB8 DROP HEIG5HT 4_Ti IN

ACCELERATION VERSUS TIME

MAX I .

A9CLERAT ION

MIN
0 1 2 3 4 5

TIME (MILLISECONDS)

MINIMLUM ACCELERATTON "g MAXIMUM ACCELERATION•T 29•7• g

INTEGRATED TOTAL VELOCITY • |j,3IN/SEC

PANEL STRAIN VERGUS TIME

MAX

0 1 2 3 4 5

TIME (MILLISECONDS)

MAXIMUM STRAIN 13156 UIN/IN

Figure B-"8. P•wel 2.14- tfmpat Rsqpomm Data
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LVXID SPECIMEN DATA

MATERIAL SYSTEM IM6/F650

SPECIMEN I.D. 2-20-4 THICKNESS .219 IN

DROP CARRIAGE WT. 7.82 LBS DROP HEIGHT 16.3 IN

ACCELERATION VERSUS TIME

MAX ' ' ' I ' j

ACC¶~RTION

MIN
0 1 2 3 4 5

TIME (MILLISECONDS)
MINIMUM ACCELERATION -228 ,j' MAXIMUM ACCELERATION 375 .g

INTEGRATED TOTAL VELOCITY 150.2 IN/SEC

PANEL STRAIN VERSUB TIMlE

MAX

AIN/N)

0 1 2 3 4 5
TIME iMILLISECONDSI

MAXIMUM STRAIN 5912 UIN/IN

FIgute 841. Panei 2-204 Impac Roqponso Data
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L-d X D a3m x me" DA-1A

MATERIAL SYSTEM 1M6/F65O

SPECIMEN I.D. 2-15-4 THICKNESS .441 IN

DROP CARRIAGE WT. 7.82 LBS DROP HEIGHT 66.1 IN

ACCELERATION VERSUS TIME

MlAX

AC9XLýRAT ION

o 1 2 34 5
TIME (MILIJSECON4DS)

MINIUMJI ACZELERATWON 5 0 2, q, .4AXIhI ACCELERATION 927 g

INTM~ATED TOTAL VELOCITy 281,65 IjSjgC

PAIWEL STkAiN VERSUS T IME

flAX

~'Woo

0 1 2 3 4 5
TIME (MILLISECONDS)

MAXIMUM STRAIN 978 UIN/ZN

Figuw. 8543 PmWe 24154 tmpact ReapohiM Data
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B.2 THIN LAMINATE IMPACT DAMAGE
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I

upe MH IttB fapS W"d shooe Simal""a" aNW (10.) WO M EWNg Ensrw (10. (~) (ks p Ula/l.)

1-16-2 0.024 3.83 5 5.33 5.26 Ill 1.420 0.001 0.2 11.5 1.800
1146/3100 1-12A-1 0/100/0 0.045 3.83 5 5.33 - 149 780 0.004 0.4 17.0 4.500

1-17-2 0.068 3.83 5 5.33 5.13 201 1.134 0.004 0.7 20.8 9.300

1.10-1 0.025 3.83 5 5.33 5.17 109 1.725 0.025 0.6 15.5 2.150
196/3100 1.14A-1 50/0/5.0 0.046 3.83 5 5.33 5.17 160 1.400 0.004 0.5 23.4 2,500

1-19-2 0.065 3.83 5 5.33 5.15 177 1,250 0.004 0.8 28.6 2,000

2.16-1 0.022 3.83 5 5.33 5.22 128 280 0.011 1.0 9.1 -

IM6/F650 2.12A-1 0/100/0 0.044 3.83 5 5.33 5.20 137 1.090 0.005 0.6 13.7 6.000
2417-2 0,084 3.83 5 5.33 - 177 500 0.005 0.9 16.5 5.800

2-18-2 0.023 3.83 5 5.33 5.20 75 1.330 <0.001 0.5 11.0 1.700
IM6/FEO 2-14A-1 50/0/50 0.03 3.43 5 5.33 5.15 157 1,120 0.005 0.9 20.3 1.300

2-19-2 0.064 3.83 5 5.33 5.17 166 1.020 0.005 1.1 19.2 1.450

1-16-41 0.024 3.83 5 5.33 5.24 114 630 <0.001 - 8.9 1,300
11M613100 1.12A-5 0/100/0 0.045 3.63 5 5.33 5.26 151 820 0.004 - 12.5 12,500

1-17-5 0.069 3.83 5 5.33 5.17 198 1,180 0.004 - 12 1 18,000

1-18-6 0.025 3.83 5 5.33 5.20 108 1.440 0.002 - 19.6 1.250
11M6/3100 1-14A-4 50/0150 0.046 3.83 5 5.3,3 5.17 160 1,520 0,004 - 27.2 2.100

1I195 0.065 3.83 5 5.33 5.22 147 1.040 0.004 - 18.7 2.400

2-16.5 0.022 3.83 5 5.33 - 95 314 0.001 - 6.1 100
IMOJFO 2-12A-4 0/10010 0.043 3.83 5 5.33 5.25 140 792 0,004 - 9.3 10,500

2-17-6 0.064 3.13 5 5.33 5.17 189 1.070 0.0015 - 9.7 8.600

2-185- 0.022 3.83 5 5.33 5.20 88 1.4401 0.015 - 11 7 650
IMS/fISO 2-1"-5 50/0/50 0.044 3593 6 5.33 5.t5 149 1,180 0.004 - 20.0 2.100

2-19.8 0.082 3.63 5. 5.33 5.J? 45A 1.110 0.004 - lBS6 1.300

Figure 845. Thin Laminate Impact Damage Data Table
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LVID SI::ECIMEN DAT•I

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D._ 1-16-2.1 THICKNESS .024 IN

DROP CARRIAGE WT. 3.83 LOS DROP HEIGHT 16.7 IN

ACCELERATION VERSUS TIME

MAX

ACCELERATION S~~(g *s) ..

0 2 4 6 8 to
TIME (MILLISECONDS)

MINIMUM ACCELERATION 0.0 9 #1B MAXIMUM ACCELERATION 111 g's

INTEGRATED TOTAL VELOCITY 175.96 IN/SEC

PANEL STRAIN VERSUB TIME

MAX

0 2 4 6 6 10
TIME (MILLISECOND8)

MAXIMUM STRAIN 1415 UIN/IN

Figure 1.34, Psill 1-16.2 Firs Impact Response Data
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LAvID SfECx MEN DATA

NA-IAERIAL SYSTEM IM6/3100

SPECIMEN I.D. 1-16-2.2 THICKNESS .024 IN

DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 16.7 IN

ACCELERATION VERSUS TIME

MAX'

ACCELERAT I ON

0 2 4 6 a 10

TIWE (MILLISECONDS)
MINIMUM ACCELERATION 0.0__gm MAXIMUMI ACCELERATION 119 g'.

INTEGRATED TOTAL VEL.=iTY 177.97 IN/SFC

PANEL STRAIN VERSUS TIME

MAX

0 2 4 8 a 10
TIME (MILLISECONDS)

MAXIMUM STRAIN__615 .6 UIN/IN

Figure B467. Panel 1-16-2 Second Impact Response Data
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Specimen 1-16-2

Figure 58.. Panri 1-16-2 C.Scan
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L.VID 3I:•CIZMEN DAITA

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D. 1-12A-1.1 THICKNESS 045 IN

DROP CARRIAGE WT. . LBS DROP HEIGHT 16.7 IN

ACCELERATION VERSUS TIME

MAX

ACCELERATION
(g s)

MIN

0 2 4 6 S 10
TIME (MILLISECONDS)

MINIMUM ACCELERATION -3.0 g's MAXIMUM ACCELERATION 149 gm

INTEGRATED TOTAL VELOCITY 186.68 IN/SEC

PANEL STRAIN VERSUS TIME

MAX

0 2 4 6 8 10
TIME (MILLISECONDS)

MAXIMUM STRAIN 782 UIN/IN

Figure 8.70. Panel 1.12A.1 First Impact Response Data
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.- D Z='EI ME1•N £)ArA

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D. 1-17A-.,. THICKNES ,044 IN

DROP CARRIAGE WT. .. LOS DROP HEIGHT 16,7 IN

ACCELERATION VERSUS TIME

MAX

ACCELqRAT ION(g 0)

MIN

0 2 4 6 6 10

TIME (MILLISECONDS)
MINIMUM ACCELERATION -E.O g.' MAXIMUM ACCELERATION 153 gms

INTEGRATED TOTAL VELOCITY 187.28 IN/SEC

PANEL STRAIN VERSUS TIME

MAX n

01,

0 2 4 6 a 10

TIME (MILLISECONDS)

MAXIMUM STRAIN 1121 UIN/IN

Figure 8.71. Panel 1.12A.1 Second Impact Response Data
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Spec~imen 1-12A-1

Figure 0.72. Panel 1-12A-1 C.San
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L-VD SPEC IM OEN D0rATA

MATERIAL SYSTEM 1M6/3100

SPECIMEN I.D. 1-17-2 THICKNESS .068 IN

DROP CARRIAGE WT. 3.83 LBs DROP HEIGHT 16.7 IN

ACCELERATION VERSUS TIME

MAX'

ACCELERAT ION

MIN

0 2 4 6 a 1O

TIME (MILLISECONDS)

MINIMUM ACCELERATION -10.0 9's MIMUM ACLERATION 201

INTEGRATED TOTAL VELOCITY. 179.38 IN/__

PANEL STRAIN VERSUS TIME

MAX

STRAI
(UI N/

0 -

O 2 4 6 8 10

1134 TIME (MILLISECONDS)
MAXIMUM STRAIN UIN/IN

FIgwue 5.74. Panel 1.17-2 Impact Response Data
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L-V 10O FpEC I MEEN DATA

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D. THICKNESS n•_S IN

DROP CARR I AGE WT._ 3 LOS DROP HEI'NT._• IN

ACCELERATION VYRSUS TIME

II
MAX

(g'

ACCELERA•T ION !

M N M M KIN ° . . . U).......,. .

0 2 4 6
TIME (MIJUISECODSJ .

MINIMUJACMCELEMATION -13.0 .9fs KAXZUN ACCELERATION 109 . '

INTEGRATED TOTAL VELOC"TY 118.21 Zk•*/IEC

PANEL UVfAIN E 'I c.

MAX

0

0 2 4 & a 10
TIME (MILLISECONDS)

MAXIMUM STRAIN 1725 UIN/IN

FPguae 877. Panl i-Ie I••pat Ruspoe Data

B-80



S!I

Speo~ ie 4-8-

itpl•;r i.t8 Pa e 11 . lS

M HillIýMllB-8Il



Cq4

w

iA -l -- !

4 - ' 1 -0 •,-

I In

(spuono(1) V)

01

C)

[Ni/N-0in] NNU0I .S

8-82



LV IXD 3PEC I MEN DATr

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D. 1-14A-1.1 THICKNESS_ .046 IN

DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 16.7 IN

ACCELERATION VERSUS TIME

p I

MAX

ACCELERAT ION(g s)

MIN

O 2 4 6 a 10

TIME (MILLISECONDS)

MINIMUM ACCELERATION -3.0_gm MAXIMUM ACCELERATION 160___

INTEGRATED TOTAL VELOCITY 187.07 IN/SEC

PANEL STRAIN VERSUS TIME

MAX

0 2 4 6 8 10
TIME, (MILLISECONDS)

1405
MAXIMUM STRkIN UIN/IN

Figure 840. Panel 1.14A.1 First Impact Response Data
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LV~.ID SF•ECIMEN DA4TA

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D. 1-14A-1.2 THICKNESS 046 IN

DROP CARRIAGE WT. 38LBS DROP HEIGHT 16j7 IN

ACCELERATION VERSUS TIME

MAX

ACCELýRAT ION(g s

MIN ,_.__

0 2 4 6 a 10

TIME (MILLISECONDS)

MINIMUM ACCELERATION -5.0 g's MAXIMUM ACCELERATION 157 gm

INTEGRATED TOTAL VELOCITY 187.78 IN/SEC

PANEL STRAIN VERSUS TIME

MAX

0 2 4 6 6 10

TIME (MILLISECONDS)

MAXIMUM STRAIN 1462 UIN/IN

Figure 0.81. Panel 1.14A-1 Second Impact Response Data
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Figure B,42. Paenl 1.14A.1 C-,can
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L-VI D 2mECI MN DapTA.

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D. 1-19-2.1 THICKNESS .065 !N

DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 16.7 IN

ACCELERATION VERSUS TIME

MAX'

ACCELERAT ION

MIN _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

0 2 4 6 8 10

TIME (MILLISECONDS)

MINIMUM ACCELERATION -16.0 g-S MAXIMUM ACCELERATION 177 g

INTECRATED TOTAL VELOCITY 150.25 IN/SEC

PANEL STRAIN VERSUS TIME

MAX

0 2 4 6 B 10

TIME (MILLISECONDS)1250
MAXIMUM STRAIN UIN/IN

Figure B4, Panel 1.19.2 First Impact Response Dota
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L-VID SPF=CIMMN DXT.A

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D. 1-19-2.2 THICKNESS .065 IN

DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 16.7 IN

ACCELERATION VERSUS TIME

MAX * I I

ACCJLIRAT ION
(g

MIN

0 2 4 6 6 to
TIME (MILLISECONDS)

MINIMUM ACCELERATION -8.0 ga' MXIMUII ACCELERATION 172 g's

INTEGRATED TOTAL VELOCITY 179_'2 IN/SEC

PANEL BTRAIN VERSUS TIME

MAX

0 2 4 6 a 10

TIME (MILLISECONDS)
MAXIMUM STRAIN 1122 UIN/IN

Figure 845. Panel 1.19.2 Second Impact Response Data
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Specime~n 1-19-2

Figure M8 P&A. 1-19-2 C-Scan
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LVXD XPECIMEN DATA

MATERIAL SYSTEM IM6/F650

SPECIMEN IoD. 2-16-1 THICKNESS .022 IN

DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 16.7 IN

ACCELERATION VERSUS TIME

MAX

ACCELqRAT ION
(g 5)

MINJ

0 2 4 6 a 10
TIME (MILLISECONDS)

MINIMUM ACCELERATION -27.0 g's MAXIMUM ACCLERATION 127.8 gq

INTEGRATED TOTAL VELOCITY 76.04 IN/SEC

PANEL STRAIN VERSUS TIME

MAX . -

0 2 4 6 8 10
TIME (MILLISECONDS)

MAXIMUM STRAIN 283 UIN/IN

Figure 848. Panel 2.16-1 Impact Reaponse Dais
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L-V ID SPIEC I MEN D0:ATA

MATERIAL SYSTEM IM6/F650

SPECIMEN I.D. ___ ____l THICKNESS _044 IN

DROP CARRIAGE WT. • LBS DROP HEIGHT 16.7 IN

ACCELERATION VERSUS TIME

MAX I I

ACCELERAT IN
C(g)

MIN

O 2 4 6 a 10
TIME (MILLISECONDS)

MINIMUM ACCELERATION -3.0 u's tAXIMU ACCELERATION 137 gm

INTEGRATED TOTAL VELOCITY 167 2 INISEC

PANEL STRAIN VERSUS TINtE

MAX'I

STRA IN /
(UIN/1IN)

0 2 4 a 8 10

TIME (MILLISECONDS)
MAXIMUM STRAIN 1006 UINIIN

Flgure 8.-1. Partl 2.12A.1 Impact RoqnM Data
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L-V iD SF=EEC= I MEN DATA

MATERIAL SYSTEM IM6/F65O

SPECIMEN I.D. 2-17-7 THICKNESS 0 64 IN

DROP CARRIAGE WT. BLB8 DROP HEIGHT 16.7 IN

ACCELERATION VERSUS TIME

MAX .

ACCELqRATION•. (g 5)

MIN

0 2 4 6 B 10
TIME (MILLISECONDS)

MINIMUM ACCELERATION -10.0 gPm MAXIMUM ACCELERATION 1760.72 g

INTEGRATED TOIAL VELOCITY 162.73 IN/SEC

PANEL STRAIN VERSUS TIME

MAX

(TRfll

O 2 4 6 a to
TIME (MILLISECOINDS)

MAXIMUM STRAIN 4)5 UIN/IN

Figure 8.94. Punl 2.I7-2 Impact asponso Data
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Spocimen 2-17-2

Flour* B-96. Panel 2.17.2 C.Scan
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i.LV.ID SPECIMvEN DATA

MATERIAL SYSTEM IM6/F650

SPECIMEN I.D. 2-18-2 THICKNESS .023 IN
DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 16.7 IN

ACCELERATION VERSUS TIME

ACC•LýRATION•g S)

MIN
0 2 4 6 8 10

TIME (MILLISECONDS)

MINIMUM ACCELERATION 0.0 g'm MAXIMUM ACCELERATION 75 g

INTEGRATED TOTAL VELOCITY 111.21 IN/SEC

PANEL STRAIN VERSUS TIME

MAX '

0 2 4 6 B 10

TIME (MILLISECONDS)

MAXIMUM STRAIN 1334 UIN/IN

Figure B-97. Panel 2.18-2 Impact Response Date
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L W"D XPEC3I1=EN CDcT-

MATERIAL SYSTEM IM6/F650

SPECIMEN I.D. 2-14A-1.1 THICKNESS .043 IN

DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 16.7 IN

ACCELERATION VERSUS TIME

MA II I 5•. MAX

AIzCLgRAT ION
(g

MIN

0 2 4 6 6 10

TIME (MILLISECONDS)

MINIMUM ACCELERATION_ -3.0 MAXIMUM ACCELERATION 157

INTEGRATED TOTAL VELOCITY 169.29 IN/SEC

PANEL STRAIN VSR8UB TIME

MAX

4**..... 
. .

• ~STRR I NtUIN/IN

01

0 2 4 6 8 10

TIME (MILLISECONDS)

MAXIMUM STRAIN 1125 UIN/IN

Figure 8-100. Panel 2.14A.1 First Impa•t Response Data
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-- X n =o=xme or

:-' LV I D SP~ECI MEN DATA

MATERIAL SYSTEM IM6/F650

SPECIMEN I.D. •-1AA-1. THICKNESS IN

DROP CARRIAGE WT. jBS DROP HEI6HT i •_ 7 IN

ACCELERATInN VERSUS TIME
MAX I I I I 'i ..SMAX,

ACC¶LERAT ION

0 2 4 6 8 10

TIME (MiLLISECONDS)
MINIMUM ACrZLERATION -5.0 -gm* MAXIMUM ACCELERATION 'gs

INTEWHATED TOTAL VELOJCITY 191.44 IN/SEC

PAt.EL STRAIN VERSUS TIME

0, • i- ......... .. ... . ..

0 2 4 6 8 10
TIME (MILLISECONDS)

MAXIMUM STRAIN 1231 UIN/IN

Figure I.-10. Panel 2.14A-1 Second Impact Rueponse Data
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LV ID SfEC I MEN DATA

MATERIAL SYSTEM IM6/F650

SPECIMEN I.D. 2-19-2.1 THICKNESS .064 IN

DROP CARRIAG3E WT. 3.83 LBS DROP HEIGHT 16.7 IN

ACCELERATION VERSUS TIME

MAX'

ACCELERATION(g s)

MIN __

O 2 4 6 a 10
TIME (MILLISECONDS)

MINIMUM ACCELERATION -6.0 MAXIMUM ACCELERATIEN 166 gs

INTEGRATED TOTAL VELOCITY 166.77 INISEC

PANEL STRAIN VERSUS TIME

MAX

0 2 4 6 8 10

TIME (MILLISECONDS)

MAXIMUM STRAIN 1025 UIN/IN

Figure 8.104. Panel 2-19-2 FIrel Impacl Reponse Oats

B-107



Lv9D Sl:n :',C I MEN DATA

MATERIAL SYSTEM IM6/F650

SPECIMEN I.D. 2-19-2.2 THICKNESS .064 IN

DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 16.7 IN

ACCELERATION VERSUS TIME

MAX

ACCELERAT IONCg "s)

MIN_

0 2 4 6 8 10
TIME (MILLISECONDS)

MINIMUM ACCELERATION__-80 j9* MAXIMUM AMELERATION 175 gs

INTEGRATED TOTAL VELOCITY 181.06 IN/SEC

PANEL STRAIN VERSUS TIME

MAX

STRAIN

0*

0 2 4 6 8 10
TIME (MILLISECONDS)

MAXIMUM STRAIN 1042 UIN/IN

FlRou 8405. Panel 2.19-2 Second impact Response Data
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specimen 2-19-2

Figure 8.106. Panel 2-19.2 COScmn
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St.~~V I"D SPEC II•EN D•r'A

MATERIAL SYSIEM IM6/31C-0

SPECIMEN I.D. I-16_-4 THICKNESS._.2A,.IN

DROP CARRIAGE WT. 3,QLBS DROP HEIXHT 16.2 IW

ACCELERATION VERSUS TIME

MAX U 1 .

ACCELERATION

MIN[_________________

0 2 4 6 a 10

TIME (MILLISECONDS)
MINIMUM ACCELERATION 0.0 M ?MAXIMUM ACCELERATION 114 g"r=

INTEGRATED TOTAL VELOCITY 179.22 IN/SEC

PANEL STRAIN VERSUS TIME

MAXIU SAI 62

0 2 4 6 m 10
TIME. (MZLL I SE-CONDS)

•'SJ'- frAXIMU~ti STRAIN 628.6 UINJIN

SFi~Pgure 010,8. Panei I1,64 Impact Respox'•e Data
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LVID SPEC=I MEN DVATA

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D. 1-12A--5 THICKNESS .045 IN

DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 16.7 IN

ACCELERATION VERSUS TIME

MAX

ACCELERATION

()MIN

0 2 4 6 8 10

TIME (MILLISECONDS)
MINIMUM ACCELERATION _-4.0 g'm MAXIMUM ACCELERATION 151 g'

INTEURATED TOTAL VELOCITY 187.27 IN/SEC

PANEL STRAIN VERSUS TIME

MAX

STRA41N

(UIN/IN)

0
0 2 4 6 8 10

TIME (MILLISECONDS)

MAXIMUM STRAIN 820 UIN/IN

Figure 8.110. Peanl 1-12A.5 Impact Reeponse Data
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LAV ID vaFECa I MaN DATA

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D. 1 -7 THICKNESS IN

DROP CARRIABE WT. LBS DROP HEISHT IN

ACCELERATION VERSUS TIME

flA * I• MAX

ACCJL.RAT ION

MIN

0 2 4 6 8 10
TIME (MILLISECONDS)

MINIMUM ACCELERATION. . MAXIMUM ACCELERATION..5.

"INTEGRATED TOTAL VELUCITY 1Z.7r IN/SEC

PANEL STRAIN VERSUS TIME

MAX

"0 2 4 6 8 10
TIME (MILLISECONDS)

MAXIMUM STRAIN 1102 UIN/IN

Ftgure 8-112. Panel 1-17-5 impact Rsspon.. Data
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LV XD v EEC I MN ]DATA

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D. 1-18-6 THICKNESS .025 IN

DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 16.7 IN

ACCELERATION VERSUS TIME

MAX

ACCELERATION
(g S)

MIN

0 2 4 6 a 10
TIME (MILLISECONDS)

MINIMUM ACCELERATION 0-0 .. g' MAXIMUM ACCELERATION 108 .

INTEGRATED TOTAL VELOCITY 159.68 IN/SEC

PANEL STRAIN VaRSUS TIME

MAX

0

0 2 4 6 6 10
TIME (MILL LSECONi)S)

MAXIMUM STRAIN 1437 UIN/IN

Figure 5.114. Paunw 1.18-6 Impact Respona. Data
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L-v xn SF=-ECIxmEZN ndoT

MATERIAL SYSTEM I116/3100

SPECIMEN I.D. 1-14A-4 THICKNESS .046 IN

DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 16.7 IN

ACCELERATION VERSUS TIME

MlAX I

ACCELERAT ION
(g~s)

MIN

0 2 4 6 8 10

TIMlE (MILLISECONDS)

MINIMIUM ACCELERATION -4.0 9-s AXIMUMi ACCELERATION 1'60

INTEGRATED TOTAL VELOCITY_134_INSC

PANEL STRAIN VERSUS TIME

MAX I

0 2 4 6 a 10

TIME (MILLISECONDS)

MAXIMUM STRAIN 1516 UIN/IN

Figure 1311%. Par.) 1-14A-4 Impact Response Data
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t-V n a1D m:'EC I MeN DATrA

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D. 1-19-5.1 THICKNESS .065 IN

DROP CARRIAGE WT. 3.83' LBS DROP HEIGHT 16.7 IN

ACCELERATION VERSUS TIME

MAX I

ACCELERATION NO DATA

MIN[

0 2 4 6 a 10

TIME (MILLISECONDS)
MINIMUM ACCELERATION 9gm MAXIMUM ACCELERATION °s

INTEGRATED TOTAL VELOCITY IN/SEC

PAWL STRAIN VERSUS TIME

(T9 j~ NO DATA

0

0 2 4 6 a 10

TIME Mt ISO')

MAXIMUM STRAIN UIN/IN

Figure 5-118. Panel 14.9- Fti'ut lmp•a RLe,• Data
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L-V I X) PE3 C I MfEN DATA

MATERIAL SYSTEM 1M6/3100

SPECIMEN I.D. 1-19-5.2 THICKNESS .065 IN

DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 16.7 IN

ACCELERATION VERSUS TIME

SMAX

ACCELERATION
(g'u)

0 2 4 6 8 10

TIME (MILLISECONDS)

MINIMUM ACCELERATION 1 2 . 0 g's MAXIMUM ACCELERATION 147 gm

INTEGRATED TOTAL VELOCITY 146.31 IN/SEC

PANEL STRAIN VERSUS TIME

S~MAX

STRAIN
(UIN/ IN)

S~0

0 2 4 6 8 10
TIME (MILLISECONDS)

MAXIMUM STRAIN 1041 UIN/IN

Figurs B-119. Panel 1.19. Socond Impoct Response Data
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L-V XD SnEC [ IMEN DATA

MATERIAL SYSTEM IM6/F650

SPECIMEN I.D. 2-16-5 THICKNESS .022 IN

DROP CARRIAGE WT. 3.83 LBS DROP HEIGHTr 16.7 IN

ACCELERATION VERSUS TIME

MAX '

ACCELERAT ION(g %)

M4IN

0 2 4 6 8 10

TIME (MILLISECONDS)

MINIMUM ACCELERATION 0.0 gms MAXIMUM ACCELERATION 98 g s

INTEGRATED TOTAL VELOCITY 135.15 IN/_EC

PANEL STRAIN VERSUS TIME

MAX'

0 2 4 6 a 10

TIME (MILLISECONDS)

MAXIMUM STRAIN 314 UIN/IN

Figore 9.121. Panel 2,18.5 Impact Response Data
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LV XID M F=E:CI MEN DAT4A

MATERIAL SYSTEM IM6/F650

SPECIMEN I.D. 9-17A-& THICKNESS 041 IN

DRUP CARRIAGE WT. LBS DROP HE IG-T II6 ;,7 IN

ACCELERATION VERSUS TIME

MAX

ACCELERATION

MIN
0 2 4 6 8 10

TIME (MILLISECONDS)

MINIMUM ACCELERATION -3.0 g's MAXIMUM ACCELERATION 140 gs

INTEGRATED TOTAL VELOCITY 154.29 IN/SEC

PANEL STRAIN VERSUS TIME

MAX

0 2 4 6 8 10

TIME (MILLISECONDS)

MAXIMUM STRAIN 792 UIN/IN

Figure 8.123. Panel 2-12A-4 Impact Response Data
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LAVID SILF T MF;N 0DATA

MATERIAL SYSTEM IM6/F650

SPECIMEN I.D. 2-17-6 THICKNESS .064 IN

DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 16.7 IN

ACCELERATION VERSUS TIME

I I I I I
MAX

ACCELERATION

MIN

0 2 4 6 a 10
TIME (MILLISECONDS)

MINIMUM ACCELERATION -. 30 g MAXIMUM ACCELERATION 169

INTEGRATED TOTAL VELOCITY 136.72 IN/SEC

PANEL STRAIN VERSUS TIME

MAX

STAR IN

0 2 4 6 E 10

TIME (MILLISECONDS)1070
MAXWiUM STRAIN UIN/IN

Figure 8.125. Panel 2.17-6 Impact Response Data
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LV ZID S3EC I MEN DATA

MATERIAL SYSTEM IM6/F650

SPECIMEN I.D. 2-18-5 THICKNESS .022 IN

DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 16.7 IN

ACCELERATION VERSUS TIME

MAX

ACCELqRAT ION

MINI

0 2 4 6 8 10

TIME (MILLISECONDS)

MINIMUM ACCELERATION -28.0 g-s MAXIMUM ACCELERATION 88

INTEGRATED TOTAL VELOCITY 61.3 IN/SEC

PANEL STRAIN VERSUS TIME

MAX ,

NO DATA
STRA N)

0 2 4 6 8 to

TIME (MILLISECONDS)

MAXIMUM STRAIN UIN/IN

Figure B.127. Panel 2.18-5 Impact Response Data
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LV IX SPFC I MEN DTA

MATERIAL SYSTEM IM6/F650

SPECIMEN I.D. 2-14A-5.1 THICKNESS .044 IN

DROP CARRIAGE WT. 3.83 LBS DROP HEIG1HT 16.7 IN

ACCELERATION VERSUS TIME

MAX I

ACCELkRAT ION(g s)

MIN[

0 2 4 6 8 to
TIME (MILLISECONDS)

MINIMUM ACCELERATION -6.0 a-% MAXIMUM ACCELERATION 149 gm

INTEGRATED TOTAL VELOCITY 166.05 IN/tEC

PANEL STRAIN VERSUS TIME

MAX

0

0 2 4 6 a 10

TIME (MILLISECONDS)

MAXIMUM STRAIN 1165 UIN/IN

Figure 8.129. Panel 2.14A-5 First Impact Responme Data
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L-V X D OFPE XIMEN DVrTi

MATERIAL SYSTEM IM6/F650

SPECIMEN I.D. 2-14A-5.2 THICKNESS .044 IN

DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 16.7 IN

ACCELERATION VERSUS TIME

MAX i I I

ACCjLqR.ATION

MINt ... ..L

O 2 4 6 8 10
TIME ("ILLISECONDS)

MINIMUM ACCELERATION __9* MAXIMUM ACCELERATION 154 9gs

INTEGRATED TOTAL VELOCITY 178.27 IN/SEC

PANEL STRAIN VERSUS TIME

MAX

0

o 2 4 6 a 10

TIME (MILLISECONDS)

MAXIMUM STRAIN 1212 UIN/IN

Figure 8.130. Panel 2.14A.6 Saccnd Impact Response Date
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LVID I-CIMEN DA1-A

MATERIAL SYSTEM IM6/F650

SPECIMEN I.D. _-_-_--_... THICKNESS _n J IN

DROP CARRIAGE WT._ LBS DROP HEIGHT jrF7 IN

ACCELERATION VERSUS TIME

MAX

ACCELERAT I ON

MIN L
0 0 j k4 a 10

TK z•(MILLISECUGfWS)
MINIMUM ACCELERATION - .MX I-Up A1 .•FLRAT I -? 6.- g " s

INTEGRATED TOTAL VELOCITY -C?.04 ZNI•C

PANEL STFRA14 A;,• iRI T11,IM

MAX

STRAIN
(UIN/IN)

0 0 2 4 6 a 10

TIME (MILLISECONDS)

MAXIMUM STRAIN UlfO UIN/IN

Figure 8.132. Panel 2.1946 ltpact Response Data
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B.3 VISIBLE IMPACT DAMAGE
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Impber ihI5an Kinei Doot oismineftt Rosidua P Rmssdusl
Matortsi Spcctmen Thickness WlghImpact Impact Widt StraiMid NumberiK~ (in,) (10) Eneryitb En•qy4b Enwly~f-b Pm(dn./Is. Oef(in.) lat(in.) trnh(ksi) (€l.a)Sn

RTO

1.12-8 0.113 19.47 60 63.76 - 185 28.860 0.200 2.0 20.1 3,300
iM6/3100 1-11-8 10/80/10 0.222 19.47 100 106.44 - 541 - 0.083 5.3 16.3 2,700

1-13-8 0.448 19,47 100 106.44 - 639 14.320 0.017 5.0 20.2 3.750

1-14-9 0.110 19.47 45 47.86 44.70 250 11.330 0.118 1.8 28.1 1,750
IM6/3100 1-20-8 50/40/10 0.224 19.47 100 106,44 96.96 205 20,990 0.103 5.3 23.0 1.000

1-15-7 0.453 19.47 100 106.44 96.16 991 14,090 0.020 4.9 28.6 2.500

2-12-9 0.107 19.47 55 58.57 52.51 353 12,290 0.096 5.3 9.9 1.600
IM6/F650 2-11-9 10/80/10 0.216 19.47 100 106.44 96.16 607 20,500 0.072 5.6 12.0 1.900

2-13-7 0.436 19.47 100 106.44 - 923 15.070 0.028 5.2 13.9 2,700

2-14-8 0.112 19.47 45 47.86 4,4.70 308 9,250 0.090 5.2 18.8 4,850
M6/F650 2-20-7 50/40/10 0.218 19.47 100 106.44 96.16 402 11.920 0.049 5.5 16.9 700

2-15-8 0.439 19.47 100 106.44 96.16 590 13.610 0.030 5.2 19.8 1,450

ErW

1-12-12 0.114 19.47 60 63.76 57.24 199 36.730 0.130 - 14.4 2,700
IMN1/3100 1-11-12 10/80/10 0.223 19.47 100 106.44 94.59 559 36,540 0.091 - 14.? 2,500

1-13-1z 0.452 19.47 100 106,44 - 752 17.070 0.017 - 14.9 3,300

1-14-11 0.109 19.47 45 61.98 43.97 701 10.730 0.120 - 21.8 2.450
IM6/3100 1-20-11 50/40/10 0.225 19.47 100 106.44 95.37 617 19,830 0.090 - 18.1 1,750

1.15.11 0.452 19.47 100 106.44 96.98 1.928 14,300 0.020 - 21.7 2,000

2-12-11 0.106 19.47 45 47,86 - 242 17,300 0.110 - 9.2 1.930
iM6/F650 2-11-11 10/80/10 0.217 19.47 100 106.44 93.81 P22 20,090 0.045 - 9.4 1,200

2-13-11 0.431 19.47 100 106:44 - 420 12.240 0.027 - 11.8 2.300

2-14-11 0.110 19.47 45 61.98 43.73 430 17,180 0.086 - 17.3 1.800
IM6/F650 2-20-12 50/40/10 0.216 19.47 100 10a.44 - 701 17.290 0.052 - 14.2 600

2-15-10 0.440 19.47 100 106.44 96.16 181 12.410 0.027 - 15.6 1.150

OP630OOU-1-T

Figure 8.134. Visible Impact Damage Data Table
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L.VID SXECIMEN DATA

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D. 1-12-8 THICKNESS .113 IN

DROP CARRIAGE WT. 19.47 LBS DROP HEIGHT 39.1 IN

ACCELERATION VERSUS TIME

MAX

ACCELERATION

MIN ,__

0 2 4 6 8 10

TIME (MILLISECONDS)

MINIMUM ACCELERATION -170 gm MAXIMUM ACCELERATION 185.0 g's

INTEGRATED TOTAL VELOCITY -67.0 IN/SEC

PANEL STRAIN VERSUS TIME

MAX i I

(UI~~

0 0 2 4 6 8 10

TIME (MILLISECONDS)

MAXIMUM STRAIN 28861 UIN/IN

Figure 8.135. Panel 1.128 Impact Response Data
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Specime.n 1-12-8

Figure o13-18. Panel 1-12.8 C.Scan
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L•,d ][ ) • ECIME•I DATA

MATERIAL SYSTEM IM6/3O00

SPECIMEN I.D. 1-11-8 THICKNESS .222 IN

DROP CARRIAGE WT. 19.47 LBS DROP HEIGHT 65.6 IN

ACCELERATION VERSUS TIME

MAX , ,

ACCELERATION

MIN[

0 2 4 6 a 10

TIME (MILLISECONDS)

MINIMUM ACCELERATION _32o g MAXIMUM ACCELERATION 541 gS

INTEGRATED TOTAL VELOCITY135IN/SEC

PANEL STRAIN VERSUS TIME

MAX-

0 2 4 6 8 10

TIME (MILLISECONDS)

MAXIMUM STRAIN nn datJIN/IN

Figure 8.138. Panel 1.118 Impact Response Data
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Specimen 1-11-8

Figure B-139. Panel 1.11-8 C.Scan
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L- n a1= IDr- 1-= M ME:N D -r e,

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D.- 1-13-8 THICKNESS .448 IN

DROP CARRIAGE WT. 19.47 LBS DROP HE IGHT 6 5. 6 IN

ACCELERATION VERSUS TIME

MAX'

ACCELERATION

(gs

MIN

0 1 2 3 4
TIME (MILLISECONDS)

MINIMUM ACCELERATION -893 g*% MAXIMUM ACCELERATION_ 63 9 .O0.g'a

INTEGRATED TOTAL VELOCITY_2 4 i.9 6 2 IN/SEC

PANEL STRAIN VERSUS TIME

MAX-

0 1 2 3 45

MAXIMUM STRAIN 14318 UIN/INTIE(LISCN)

FIgure 8.141. Panel 1-1348 Impact Response Data
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i

Specimon 1-13-8

Figure 8.142. Pmnel 1.13-8 C.Scan
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L I D PIC In EMN DAT-r

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D. 1-14-9 THICKNESS .110 IN

DROP CARRIAGE WT. 19.47 LBS DROP HEIGHT29.5 IN

ACCELE•RTION VERSUS TIME

MAX

ACCELERAT I ON

MIN

0 1 2 3 4
TIME (MILLISECONDS)

MINIMUM ACCELERATION- 2 27 ._3 _ S MAXIMUM ACCELERATION 250,

INTEGRATED TOTAL VELQCITY25, 3 0 2 IN/SE(C

PANEL STRAIN VERSUS TIME

MAX

0 1 2 3 4 5
TIME (MILLISECONDS)

11329
MAXIMUM STRAIN UIN/IN

Figure B.144. Panel 1.14-9 Impact Response Data
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Flotwo 8445. PaW. 1-14-9 C-Scant
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L-v XP0CIMElN TI A

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D. 1-20-8 THICKNESS .224 IN

DROP CARRIAGE WT. 19.47 LBS DROP HEIGHT 65.6 IN

ACCELERATION VERSUS TIME

MAX

ACCEL4RATTION(g s5) "

MIN
0 2 4 6 10

TIM'E (MILLISECONDS)
MINIMUM ACCELERA•TO4N MAXIMUM ACCELERATION_ 205._00a

-NTWORATED TOTAL. VELOCITY -122,6 ZN/SEC

PANEL STRAIN VERSUS TIME

II STRX
(UTN/ A

0 2 4 6 8 10
TIME (MILLISECONDS)

MAXIMUM STRAIN 20990 UIN/IN

Figure 8.147. Panel 1.20.8 Impact Response Data
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.1

Specimen 1-20-8

"Figur 6-14&. Pea.R 1-20 CSca
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LAVID XI: a CII'EN DAT"A

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D. 1-15-7 THICKNESS .453 IN

DROP CARRIAGE WT. 19.47 LBS DROP HEIGHT 65.6 IN

ACCELERATION VERSUS TIME

MAX' I

ACCEL.RAT I ON(Q U)J

MIN

O 1 2 3 4 5
TIME (MILLISECONDS)

MINIMUM ACCELERATION -610 ga' MAXIMUM ACCELERATION 991 ge

INTEGRATED TOTAL VELOCITY 350.34 IN/SEC

PANEL STRAIN VERSUS TIME

O4AX

0 1 2 3 4 5
TIME (MILLISECONDS)

MAXIMUMI STRAIN 14094 UIN/IN

Ftoure B-150. Panel 1-15,4 Impaot Response Data
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L-V I MSP'MC XMMM DA-TA

MATERIAL SYSTEM 1M46/F650

SPECIMEN I.D. 2-12-9 THICKNESS__.107 IN

DROP CARRIAGE WT. 19.47 LBS DROP HEIGHT_36.1 IN

ACCELERATION VERSUS TIME

MAX

ArCc¶LgRATION

0 2 4 6 a 10
TIME (MILLISECONDS)

MINI"U ACCELERATION -12 # MAXIMUM ACCELERATION__3 53. 2 00,s

INTEGRATED TOTAL VELOCITY_-184 .82 1N/SEC

PANEL STRAIN VERSUS TIME

MAX I

0 2 4 6 8 10
TIME (MILLISECONDS)

MAXIMUM4 STRAIN_12294 UIN/IN

Figure 8-16&. Panel 2-12-0 Impact Response Data
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Speoimen 2-12-9

Flgr B-154. Panl 2-124 C-Sca
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L DV X 0 *SFC:XI MN 0ATA

MATERIAL SYSTEM I6Ib/F650

SPECIMEN I.D. 2-11-9 THICKNESS .216 IN

DROP CARRIAGE WT. 19.47 LBS DROP HEIGHT 65.6 IN

ACCELERATION VERSUS TIME

MAX

ACC9LqRT I ON

MIN
O 2 4 6 8 10

TIME (MILLISECONDS)
MINIMUM ACCELERATION -363 ga' MAXII" ACCELERATION_ 6 0 7 .00,g'

INTEGRATED TOTAL VELOCITY 32.599 IN/SEC

PANEL STRAIN VERUS! TIME

orA

2 4 6 a to
TIME (MILLISECONDS)

MAXIMUM STRAIN 20503 UIN/IN

Figure 8.1S8. Pane 2.114 Impacl "pa Data
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Speciman 2-11-9

Figure 0-167. Parel 2-11-0 C-SCa
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LV ID SP~ECIMEN DATA

MATERIAL SYSTEM IM6/F650

SPECIMEN I.D.. 2-13-7 THICKNESS .43 IN

DROP CARRIASE WT._ 19.4jLBS DROP HEIGHT 65.6 . IN

ACCELERATION VERSUS TIME

MAX

ACCELIýRAT ION
(g s

MIN _

0 1 2 3 4 5

TIME (MILLISECONDS)

MINIMUM ACCELERATION -470 g MAXIMUM ACCELERATION 922.80

INTEGRATED TOTAL VELOCITY 253.27 IN/SEC

PANEL STRAIN VERSUS TIME

MAX'

0 1 2 3 4 5

TIME (MILLISECUNDS)

MAXIMUM STRAIN 15068 UIN/IN

Flgse B.169. Panel 2.13.7 Impact Response Dota
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74

Specimen 2-13-7

Floue &160. Psenl 2-13.? C45c-n
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LAvID X PECIMEN DnTf:

MATERIAL SYSTEM IM&/3100

SPECIMEN I.D. 2-14-8 THICKNESS .112 IN

DROP CARRIAGE WT. 19.47 L BS DROP HEIGHT 29.5 IN

ACCELERATION VERSUS TIME

MAX~

ACELRAtTION

MIN
0 2 4 6 8 10

TI ME (MILLISECONT'S)
MINIMUM ACCELERATION -372.8 * NAXI" ACCELERATION 308

INTEGRATED TOTAL VELOCITY "36. 27'N/iSEC

PANEL STRAIN VERSUS TIME

MAX ' .

01
0 2 4 6 8 10

TIME (MILLISBECONDS))

MAXIMUM STRAIN UIN/IN

Figure 8.162. Panel 2.144 impact Response Data
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Speoimen 2-14-8

Figuro 8-163. Panti 2.144 C.Scan
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L.dID X1==P=C I MEN AT-rA

MATERIAL SYSTEM ;M6/F650

SPECIMEN I.D. 2-20-7 THICKNESS .218 IN

DROP CARRIAGE WT. 19.47 LBG DROP HEIGHT 65.6 IN

ACCELERATION VERSUS TIME

MAXI - I

MIN __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

0 2 4 6 a 10
TIME (MILLISECONDS)

MINIMUM ACCELERATION -161 I's MAXIMUM ACCELERATION 402.34go'

INTEGRATED TOTAL VELOCITY 69.964 IN/SEC

PANEL STRAIN VERSUS TIME

PA4X

I 1 II I II

0 2 4 6 8 10
TIME (MILLISECONDS)

MAXIMUM STRAIN 11919 UIN/IN

Figure B-165. Parel 2.20-7 Impact Respons Data
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Specimen 2-20-7

Figure B-166. Panel 2.20-7 C-Scan
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L-.VI 3" ) EF=I:': MEN DATA

MATERIAL SYSTEM IMl/F650

SPECIMEN I.D. '-1 r-. THICKNESS IN

DROP CARRIAGE WT. lqA,,?LBS DROP HE I BHT _ IN

ACCELERATICON VERSUS TIME

MAX 5

ACC¶LkRAT IN

"MIN
0 1 2 3 4 5

TIME (MILLISECONDS)
MINIMUMI ACCELERATIONN-610 a MAXIMUM ACCELERATION sg, gm

INTEGRATED TOTAL VELOCITY 256 IN/SEC

PANEL STRAIN VERSUS TIME

MAX

O 1 2 3 4 5
TIME (MILLISECONDS)

MAXI"UM STRAI11 13606 UIN/IN

Figure 8.18.L Panel 2-15.8 Impact Response Data
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4

Specimen 2-15-8

Figure 8.169. Panel 2.164 C.Soan
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L.VID X PnC x MmN DoTr

MATERIAL SYSTEM 1M16/3100

SPECIMEN I.D. 1-12-12 THICKNESS .114 IN

DROP CARRIAGE WT. 19.47 LBs DROP HEIGHT 39.3 IN

ACCELERATION VERSUS TIME

MAX

ACCjLi;RATION

MIN
0 2 4 6 8 10

TIME (MILLISECONDS)

MININIUM ACCELeRATION 180 es MAXIMAM ACCLERATION 199.0

INTEGRATED TOTAL vgLOCITY 2 "6 0 1 6 INagrC

PANEL STRAIN VERSU TIME

MAX

0

0 2 4 6 8 10
TIME (MILLISECONDS)

MAXIMUM STRAIN 36732 UIN/IN

Figure 8171. P" 1.12.12 Impact Rapona Dots
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L-V XX) 631BC X IMIN DA-=r''A

MATERIAL SYSTEM 1M6/3100

SPECIMEN I.D. 1-11-12 THICKNESS .223 IN

DROP CARRIA6E WT. 19.47 LBS DROP HEIGHT 65.6 IN

ACCELERATION VERSUS TIME

MAX.

ACCjLqRAT ION

MIN
0 2 4 6 8 10

TIME (MILLISECONDS)

MINIMUM ACCELERATION -435 #S MAXIMUM ACCELERATION 558.59

INTEGRATED TOTAL VELOCITY 149.99 IN/SEC

PANEL STRAIN VERSUS TIME

"MAX

0

0 2 4 t 8 10

TIME (MILLISECONDS)

MAXIMUM STRAIN 36545 UIN/IN

Figure B.173. Panel 1.11.12 Impact Response Data
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• LV'JD 83FCIMEN DATA

MATERIAL SYSTEM IM6/3100

SPECIMEN ID. 1-13-12 THICKNESS .452 IN

DROP CARRIAGE WT. 19.47 LBS DROP HEIGHT 65.6 IN

ACCELERATION VERSUS TIME

MAX[ --- ' -

Sg 6)

MINE

0 1 2 3 4 5
TIME (MILLISECONDS)

MINIMUM ACCELERATION_-3,00 ou MAXIMUM ACCELERATION 752

INTEGRATED TOTAL VELOCITY 323.14 IN/SEC

PANEL STRAIN VERSUS TIME

MAX

0 1 2 3 4 5

TIME (MILLISECONDS)

MAXIMUM STRAIN 17073 UIN/IN

Figure 8.176. Panel 1.13-12 Impt Respons ODst
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L.% X WFOCI Ma N X)ATA

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D. 1-14-11 THICKNESS .109 IN

DROP CARRIAGE WT. 19.47 LBS DROP HEIGHT 38.2 IN

ACCELERATION VERSUS TIME

MAX U I

ACCJLERATION

MIN[_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

O 2 4 6 8 10

TIME (MILLISECONDS)

MINIMUM ACCELERATION -415 gus MAXIMUM ACCELERATION_701.1 7 g's

INTEGRATED TOTAL VELOCITY 50.093 IN/SEC

PANEL STRAIN VERSUS TIME
MAX ••"MAX '"" I I I II I

0 2 4 6 8 10

TIME (MILLISECONDS)

MAXIMUM STRAIN 10729 UIN/IN

Figure B-177. Panel 1.14.11 Impact Reepon" Data
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LVID X PECXIMEN DATA

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D. 1-20-11 THICKNESS .225 IN

DROP CARRIAGE WT. 19.47 LBS DROP HEIGHT 65.6 IN

ACCELERATION'VERSUS TIME

MA .... I I I IMAX

ACCELqRATION

MIN

0 2 4 6 8 10
TIME (MILLISECONDS)

MINIMUM ACCELERATION -330 g 5 MAXIMUM ACCELERATION_ 617.19gm

INTEGRATED TOTAL VELOCITY -61.751IN/SEC

PANEL STRAIN VERSUS TIME

MAX I I

0 2 4 6 10

TIME (MILLISECONDS)

MAXIMUM STRAIN 19829 UIN/IN

Figure B179. Panel 1.20.11 Impact Response Oata
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SL.v X n aF='EC: xIEN DATA

MATERIAL SYSTEM IM&WF650

SPECIMEN I.D. 1-15-11 THICKNESS .452 IN

DROP CARRIAGE WT. 19.47 LOS DROP HEIGHT 65.6 IN

.ACCELERATION VERSUS TIME
I I " " "' I I I

MAX

ACCELqRAT ION

MIN[

O 2 4 8 8 10
TIME (MILLISECONDS)

MINIMUM ACCELERATION .1450 MAXIMUM ACCELERATION 1927.7

INTEGRATED TOTAL VELOCITY 269.12 IN/SEC

PANEL STRAIN VERSUS TIME

MAX*

0 2 4 6 8 10
TIME (MILLISECONDS)

MAXIMUM STRAIN 14299 UIN/IN

Figure 8.181. Panel 1.16.11 Impact Response Data
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LV/ID SR C I•E DATA~

MATERIAL SYSTEM IM6/F650

SPECIMEN I.D. 1- 1_1 THICKNESS- .IN

DROP CARRIAGE WT._4a,' LBS DROP HEIGHT )cl r IN

ACCELERATION VERSUS TIME

"MAX

ACCELqRATION(9 5)

MIN [

0 1 2 3 4 5

TIME (MiLLIBECONDS)

MINIMUM ACCELERATION -179L g9 MAXIMUM ACCELERATION 24200

INTEGRATED TOTAL VELOCITY -319.42 IN/SEC

PANEL STRAIN VERSUS TIME

MAX

0 1 2 3 4 5
TIME (MILLISEC•NDSB)

MAXIMUM STRAIN 17303 UIN/IN

Figure 8.183. Panel 2.12.11 Impact Reponae Data
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L-VI D 1FS•D C IMEN £)0#-Tr

MATERIAL SYSTEM IM6/F650

SPECIMEN I.D. 2-11-11 THICKNESS .217 IN

DROP CARRIAGE WT. 19.47 LBS DROP HEIGHT 65.6 IN

ACCELERATION VERSUS TIME

MAXi

cCLqRAkT ION

g1
MIN

0 2 4 6 8 10

TIME (MILLISECONDS)
MINIMUM ACCELERATION -97 g9 6 MAXIMUM ACCELERATION 2 2 2 ' 0 0 gs

INTEGRATED TOTAL VELOCITY 60.749 _N/SEC

PANEL STRAIN VERSUS TIME

MAX

0 2 4 6 8 10
T1IME (MILLISECONDS)

MAXIMUM STRAIN 20090 UIN/IN

Figure 8.185. PanWe 2.11-11 Impact Response Data
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LVID SPECxIMEN DATr

MATERIAL SYSTEM IM6/F650

SPECIMEN ID..THICKNESS 417 IN

DROP CARRXAGE WT. _1147 LBS DROP HEIGHTj65.6 IN

ACCELERATION VERSUS TIME
MAX

ACCELERATION
(g's)

MIN [

0 1 2 3 4 5

TIME (MILLIGECONDS)

MINIMUM ACCELERATION -702.7 g's MAXIMUM ACCELERATION 420 gm

INTEGRATED TOTAL VELOCITY_273.73 IN/SEC

PANEL STRAIN VERSUS TIME

MAX'

0 1 2 3 4 5
TIME (MILLISECONDS)

MAXIMUM STRAIN 12237 UIN/IN

Figure 8.187. Panel 2.13.11 Impact Response Data
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LV I D SPFECI MEN DATA

MATERIAL SYSTEM IM6/F650

SPECIMEN I.D. 2-14-11 THICKNESS .110 IN

DROP CARRIAGE WT. 1947 LB8 DROP HEIGHT 38.2 IN

ACCELERATION VERSUS TIME
MAX I I I IIS': MAX

ACCJLER¶~ O

-I~

SNIN . ,__ __ _ _,___ _ __ _ _ __ _ _,___ _ _ ,_ _

0 2 4 6 6 10
TIME (MILLISECONDS)

MINIMUM ACCELERATION -172 ,g0 MAXIMUM ACCELERATION 430,00g

INTEGRATED TOTAL VELOCITY30 IN/ C

PANEL STRAIN VERSUS TIME

MAX

0 2 4 6 8 10
"TIME (MILLISECONDS)

MAXIMUM STRAINIj7185 UN/IN

Figure B.1B. Panel 2.14.11 Impact Response Data
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L-VID XX PFCIMMPN DATA

MATERIAL SYSTEM IM6/F650

SPECIMEN I.D. 2-20-12 THICKNESS 216 IN

DROP CARRIAGE WT. 19.47 LBS DROP HEIGHT 65.6 IN

ACCELERATION VERSUS TIME
.;II I I

MAX

ACCELgRATION

SMIN[
N 2 4 6 8 10

TIME (MILLISECONDS)MIIU-ACLRTIN-6 701.1791
• MINIMUM ACCELERATION -165 MAXIMUM ACCELERATION____

INTEGRATED TOTAL VELOCITY 182.59 IN/SEC

PANEL STRAIN VERSUS TIME

MAX - ' , ,.

0

0 2 4 6 a 10
TIME (MILLISECONDS)

MAXIMUM STRAIN 17288 UIN/IN

Figum B.191. Panel 220-12 Impact Respons Data
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L.V X D UP: MN Dm T

MATERIAL SYSTEM IM6/F650

SPECIMEN I.D. 2-15-10 THICKNESS .440 IN

DROP CARRIAGE WT. 19.47 LBS DROP HEIGHT 65.6 IN

ACCELERATION VERSUS TIME

MAX i I

AC9LFRATION

MIN
0 2 4 86 10

TIME (MILLISECONDS)

MINIMUM ACCELERATION -38 gs MAXIMUM ACCELERATION 181.00'g

INTEGRATED TOTAL VELOCITY -3.0295 IN/SEC

PANEL STRAIN VERSUS TIME,..

MAX

0

0 2 4 6 8 10

TIME (MILLISECONDS)
MAXIMUM STRAIN 12406 UIN/IN

Figure B.193. Panel 2.15.10 Impact Response Datft
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